The apoptotic machinery is utilized for a wide variety of tasks during development. Recent work has uncovered a new, non-apoptotic role for these factors during the individualization process of maturing spermatids.
Drosophila Spermatogenesis
Steller and colleagues [1] have now strongly bolstered this idea with in situ evidence that regulators of the apoptosis machinery direct a non-apoptotic event. Similar to mammals, fly spermatogenesis occurs within bundles ('cysts') of spermatids that develop in a coordinated fashion [7, 8] . The 64 spermatids within each cyst coordinate their development by retaining meiotic cytoplasmic bridges. The final step in differentiation is termed 'individualization': spermatids form an initial 'individualization complex' near the nucleus that travels caudally down the spermatid within the 'cystic bulge', gathering the bulk of the cytoplasm, and eventually shedding this unneeded cytoplasm into a 'waste bag' at the base of the cyst (Figure 1) . The emerging sperm, disconnected from their neighbors, are lean, mobile, and ready to rock. The similarities to mammals are striking.
Arama et al. [1] provide several lines of molecular evidence that individualization is under the control of the apoptotic complex. They demonstrate the presence of the caspase-9 ortholog Dronc and, importantly, presence of the activated form of the caspase-3 ortholog Drice. By targeting the caspase inhibitors zVAD or p35 to the male gonads, this group demonstrated a function for both these caspases: blocking caspase activity prevented proper caudal movement and gathering of cytoplasm by the individualization complex. The consequence was abnormally thick spermatids and male sterility. These results indicated that developing cysts utilize caspase activity to propagate a normal cystic bulge and to properly rid themselves of cytoplasm. Studies of mutants blocked at progressive steps in sperm maturation revealed that activation of Drice did not depend specifically on formation of the individualization complex, but rather on the overall maturation of the spermatids. Another interesting prospect worth exploring is whether late features, for example removal of the waste bag, show features of apoptotic engulfment such as presentation of annexin V.
At what step do caspases act? This is less clear, but the authors' data offer some intriguing clues. The dispensed cytoplasm may be altered by caspasesperhaps degraded in a manner reminiscent of apoptotic cells -and this alteration may permit the cytoplasm to enter the cystic bulge. Alternatively, perhaps the role of caspase activity is to 'un-tether' the individualization complex -comprising actin, myosin, and a number of associated proteins [8,9] -allowing it to travel caudally and scoop out cytoplasm along the way. Consistent with either of these possibilities, activated Drice is found both within the cystic bulge and within the cytoplasm in its path.
All of this raises the further question of how caspase activity is kept away from the nucleus. Activated Drice is found within the individualization complex and the cytoplasm it targets (the location of pro-Drice expression is not known); how is this localization achieved? Is Dronc activation similarly regulated and, if so, how? The answer may prove complex, as whatever factor regulates caspase activity will need to be localized to discrete regions of the spermatid. The authors do not solve this problem, but they offer a plausible candidate. dBruce is an unconventional ubiquitin-conjugating enzyme that contains a consensus domain -the BIR domain -known in other proteins to bind directly to caspases (reviewed in [10] ). The authors report that mutations in dBruce result in nuclear hypercondensation and degeneration in spermatids. A simple interpretation of these experiments is that dBruce acts to oppose caspase activation in spermatid nuclei, protecting them from the scurrilous effects of Drice and/or Dronc. Testing this possibility will involve determining whether dBruce directly targets caspases for degradation, whether dBruce is localized to the nuclear area, and whether loss of dBruce function leads to a spatial expansion in activated caspases and caspase targets.
As the authors note, the defects they observe when blocking caspase function are not only of academic interest. Defective sperm is the most common cause of male infertility. The authors point to an intriguing similarity between the arrested defects observed in caspase-inhibited fly sperm and mammalian syndromes such as 'cytoplasmic droplet sperm', in which cytoplasmic removal is incomplete. The authors' point is clear: mutations or environmental factors that alter the function of apoptotic factors may contribute to male infertility. As our knowledge of these factors increase, new attractive therapeutic targets will come to the fore. tweaking these pathways permits them to travel different molecular routes to the same end. It will be interesting to determine whether mammals also make use of a cytochrome c isoform during spermatid maturation, and whether it is dedicated specifically for this purpose in a manner similar to flies.
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